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(71) We, PpG Industries^ Inc, a 
Qnrporation organized under tbe laws of the 
State of Pransylvania, United States of 
America^ of One Gateway Center, Pittsbui^, 

5 State of Pennsylvania, United States of 
America, (assignee of Wen-Hsitan Chang 
and Maryis Edgar Hartman), do hereby 
declare the invention, for whidi we pray that 
a patent may be granted to us, and the method 

10 by which it is to be performed^ to be pardcn- 
larly described in and hy the following state- 
mmi: — 

Hie present invention relates to a coating 
composition. 

15 Recent advances in coating technology 
have provided coatings which are suitable for 
use over various substrates which are difficult 
to coat and having many dfflerent properdes. 
Coatings of escellent appearance, a hi^ order 

20 of durability and having the ability to with- 
stand sevCTe environmental conditions have 
been obtained. Among the more advanced 
coatings are those employed on vehiclesj such 
as automobiles, where good appearance must 

25 be maintained over long periods despite ex- 
posure to weather and various forms of 
attack during use. 

Recently, there has been interest in the use 
of rubbery, resilient materials for areas which 

30 are subject to mechanical shock, such as auto- 
mobile bumpers and moldings, exposed 
corners and surfaces of industrial machines, 
kickplates and other areas of doors and en- 
trances. The use of such materials aids in 

35 providing protecdon against pennanent struc- 
tural damage, but in order to attain the desired 



appearance a decorative and protective coat- 
ing must be applied to the surface and this 
coating can also be damaged during use. Con- 
ventional coatings, including those emjrfoyed 40 
on rubber and similar extensible objects here- 
tofore, do not have the required combination 
of properties. These necessary properties in- 
clude: 

1. Extensibility — ^This property is necessary 45 
in order that the advantages of the resilient 
substrate can be utilized without destruction 

of the int^'ty of the surface of the coating. 

2. Tensile Strength — ^A high degree of ten- 
sile strength is also necessary in order to avoid 50 
rupture of the film during use. 

3. Package Stabili^ — hi order to permit 
ease of application, the liquid coating com- 
petition should be stable for extended periods 
under ambient conditions without either gela- 55 
tion or depolymerization of the resui contamed 
therein. 

4. Film Stability — Certain coatings which 
are extensible and which have a relatively high 
tensile strength lose these properties upon 60 
aging and particularly if the coating is ex- 
posed to sunlight, weathering, etc. 

5. Impact Resistance — The coating should 
have adequate impact resistance at various 
temperatures as encountered in extreme 65 
weather variations, including temperatures as 
low as — 20*^F. and as high as 120°F. 

6. Adhesion — ^The coating should have satis- 
factory adhesion to the various substrates with 
which it is to be employed including estens- 70 
ible materials such as foams and rubber, and 
metals such as mild steel. In addition the 
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ojatings should have satisfactory intKCoat ad- 
hesion with succeeding coats or with various 
primers whidi can be employed. ^ 

7. Oiemical and Hxnnidity Resi^ance— 
5 This includes properties such as sapomficauon 

resistance upon exposure to acids and aixaiis, 
resistance to variouus solvents and reastance 
to atmospheres of high humidity and heat. 

8. Reistance to Craddng under Tempera- 
10 ture-Humidity cycling— This property is mi- 

portant where the coating might be exposea 
to rapid variations in temperature and humaity 
as miriit be encountered by automobiles dur- 
ing travel or storage. This property is testea 
15 1^ successively exposing the coatmg object to 

conditions of high temperature and high 
humidity alternated with exposure to low tem- 
perature and low humidity. 

Still other properties which are important 

20 for commercial appUcabiUty include spray- 
ability at reasonable s<^ds contents; a non- 
toxicity, and low sensitivity to moisture. 

It is especially difficult to obtain the above 
properties in combination since, in most in- 

25 srances, the obtendon of one or several of the 
properties desired requires the use of materials 
and formulations which under ordmay ot- 
cumstances tend to make the other desired 
properties less satisfactory. 

30 According to the present invention there is 
provided a one-padcage, storage-stable coatmg 
composition comprising ^ , 

(A> an ungelled, hydroxyl-contaimng ure- 
diane reaction product of an organic polyiso- 

35 cyanate and a polyhydric material compnsmg 
at least 50% by wd^t of a component 
selected from 

(1) a polyester polyol formed firom 

(a) an alcohol component having an avcr- 
40 age functionality of at least^ L9; 

(b) an acid component comprising one or 
more monomeric carboxylic adds or 
anhydrides having 2 to 14 carbon 
atoms per molecule, said acid com- 

45 ponent having an average functionality 

of at least 1.9; 

said alcohol component and saM acid 
component containing a total of not 
more than one gram-mole of com- 
50 pounds having a functionality of 3 or 

more per 500 grams of (a) plus (b); 
and 

(2) a polj^iydric material compnsmg a 
major proportion of a poyether polyol 

55 having a hydroxyl equivalent of at least 
100 and being formed from a total of 
not more than one gram-mole of com- 
pounds having a functionah'ty of 3 or 
more per 500 grams of polyether polyol 

60 and a minor proportion of a diol or a 
polyester polyol; and 
(B) an amino plast resin« 

The polymer is formed from an alcohol 



component having an average functionahty of 
at l^st 1.9 and an add component compnsmg 65 
one or more monomeric carboxylic acids or 
anhydrides containing 2 to 14 carbon atoms 
and also havmg an average functionality of at 
least 1.9. To obtain the desired extensibility 
and other properties, tiie alcohols and acids 70 
or anhydrides used should contain a total ot 
not more than one gram-mole of compoun^ 
having a functionality of 3 or more per 500 
grams of the total of the alcohols and aad 
or anhydride employed , ^ , . 

The polyester polyol has a hydrox\1 equiva- 
lent of at least 100, and usually between WO 
and 10,000. (By "hydroxyl eqmvalcnf is 
meant the wd^t per hydroxyl groupy. To 
obtain the desired extensibility and other pro- ou 
perties, tiie polyether polyol should be pro- 
duced from a total of not more than one 
gram-mole of compounds havmg a funoion- 
ality of 3 or more per 500 grams of the 
total of the components, , 

Such coatings, can be applied to virtuaUy 
any solid substrate and are espedally useful 
on rubbery, resilient substrates such as poly- 
urcdiane or polyethylene foam, natural or syn- 
tfaetic rubber or rubber foam, and various w 
elastomeric plastic materials. They are also 
particularly useful on dther substrates sudi as 
mild steel or alummium- 

These compositions, although based on a 
urethane system, are distinguished from ordin- 
ary polyurethanes because they are both stor- 
age-stable in one pack^e and yet form a 
cross-linked thermoset cured coatmg. 

The coatings herein provide the above- 
mentioned properties to a satisfactory degree 100 
and have a combination of these properties 
which is not obtainable with conventional coat- 
ing systems. 

The compositions of the invention contain 
as one component an isocyanate-modified resin 105 
containing hydroxyl groujK and formed by re- 
acting a polyhydric material comprising 
either a substantially linear polyester polyol of 
a polj'ether polyol with an organic polyiso- 
cyanate. The isocyanate-modified resin is com- no 
bined with an aminoplast resin to provide 
the coating composition of the invention. 

It is necessary that the polyester polyol or 
polyeriier polyol employed have certain pro- 
perties in order to provide a coating of the 1I5 
desired charaaeristics. These properties arc 
obtained, in general, by utilizing dther a poly- 
ester derived from a polyo! havii^ an average 
functionality of at least L9 or a polyether 
polyol (or a mixture of polyols) having rela- 120 
tively long chains per hydrox\i group and 
which thus has a hydroxyl equivalent of at 
least 100 and preferably at least 300. The 
polyol component in most cases consists essen- 
tially of one or more diols; triols, or higher 125 
polyols can also be used in whole or in part 
provided the polyether polyol component is 
not derived from more than 1 gram mole of 
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compounds having three or more hydroxyl 
groups per 500 grams of the total weight. 
WhUe it is not always necessary to have a 
triol or higfier polyol present^ some branch- 
5 ing is desirablcj although the polyether or 
polyester should not be highly brancheci 
There may also be present a small amount of 
mono alcohol particularly if larger propor- 
tions of higjier polyols are used. In certain in- 

10 stances such as where very higji molecular 
weight polyols are used, the polyols can be 
largely or even entirely made up of com- 
pounds of functionality higher than 2. 

The diols which are usually employed in 

15 making the polymer include alkj'lene glycols, 
such as ediyJene glycol, propylene glycol, buty- 
lene glycol, and neopentyl glycol, and other 
glycols such as hydrogenated bisphenol A, 
cyclohexane dlmedianol, caprolacrone diol 

20 the reaction produa of caprolactone and 

ethylene glycol), hydroxyalkylated bisphenols 
and polyether glycols, e.g., poly(oxytetra- 
mediylene) glycol. However, other diols of 
various types and, as indicated, polyols ai 

25 higher functionality can also be milled. Sudi 
higher polyds can include, for example, tri- 
methylolpropane, trimethylolelthane and 
pentaerythritol, as well as higgler molecular 
weight polyols such as those produced by oxy- 

30 alkylating low molecular weight polyols. An 
example of such a higher molecular weight 
polyol is the reaction product of 20 moles of 
ethylene oxide per mole of trimethylolpropane. 
The acid component of the polyester com- 

35 prises monomeric carboxylic acids or anhyd- 
rides having 2 to 14 carbon atoms per mole- 
cule. The acids should have an average func- 
tionality of at least L9; the acid component 
in most instances contains at least 75 mole 

40 percent of dicarboxylic adds or iohydrides. 
The functionality of die acid component is 
based upon considerations similar to those 
discussed above in connection with the alcohol 
component, the total functionality of the sys- 

45 tern being kept in mind. 

Among die adds which are useful are 
phthalic acid, isophthalic acid, terephthalic 
add, tetrahydrophthalic acid, hexahydro- 
phthalic acid, adipic acid, azelaic add, sebaclc 

50 acid, malic acid, glutaric acid, chlorendic add 
and tetrachlorophthalic acid. The polyester 
may include minor amounts of monobasic acid, 
such as benzoic add, and also tiiere can be 
employed higher polycarboxylic acids, such as 

55 trimelietic acid and tricarbailylic add. Where 
adds are referred to above it is understood 
that the anhydrides of those acids which fomi 
anhydrides can be used in place of the add. 
It is preferred that the polyester include an 

60 aliphatic dicarboxyKc acid as at least part of 
the add component. 

Among the preferred polyether polyols are 
poly(oxyaikylene) glycols such as those of the 
formula 
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where R is hydrogen or lower alkyl having up 
to 6 carbon atoms and n is typically from 2 
to 6 and m is from 2 to 100. Included are 
poly{oxytetramethylene> glycols, poly(oxy- 
ethylene)glycols, poly(oxytrimethylene)^ycols, 70 
poly{oxypentamethylene)glycols5 and polypro- 
pylene glycols. The preferred polyether 
polyols of this class are poly(oxytetramethy- 
lene) glycols of molecular v/eidat between 400 
and 10,000. 75 

Also useful are polyether polyols formed 
from the oxyalkylation of various polyols, for 
example, glycols, such as ethylene glycol and 
1,6-hexanaiio], or higher polyols, sudi as tri- 
methylolpropane, trimethylolethane ami 80 
pentaerythritol. Polyols of hi^er functionality 
which can be utilized as indicated can be 
made, for instance, by oxyalkylation of com-* 
potmds as sorbitol or sucrose. One common^ 
titilized oxyalkylation method is by reacting a 85 
polyol with an alkylene oxide, e.g., ethylene 
or propylene oxide, in the presence of an 
addic or basic catalyst. 

Mixtures of polyether polyols, or polyols 
containing moieties of different structures, are 90 
also useful. 

As mentioned, the overall functionahty per 
unit weight of the polyether polyol is im- 
portant. The polyether polyol should not con- 
tain (i.e., be formed from) more than one 95 
gram-mole of compounds having a function- 
ality of 3 or more, per 500 grams of the total 
wdght of polyether polyol. By "functionality" 
is meant the number of reactive hydroxyl (and 
any carboxyl groups) per molecule. It can be 100 
noted tiiat certain compoimds contain both 
hydroxyl and carboxyl groups; examples are 
6-hydroxyhexanonic acid, 8-hydroxyoctanoic 
acid and tartaric add. 

If a polyester polyol is used, tfiere should 105 
not be present more than 1 gram-mole of 
adds and/or alcohols having the functionality 
of 3 or more per 500 grams of the total weight 
of diese compounds. By 'functionality" is 
meant die number of reactive hydroxyl and 110 
caiboxyl groups per molecule with anhydride 
groups being considered as equivalent to two 
carboxyl groups. 

In addition to the methods indicated, the 
polyether polyol can be produced by any of 115 
the several known techniques, with the reac- 
tion conditions and the ratio of reactants 
chosen so as to provide a product having resi- 
dual hydroxyl groups, i.e., a polyether polyol 
having a hydroxyl equivalent of at least 100 120 
and preferably not above 10,000. 



The polyester is produced using conven- 
tional techniques, widi the reaction condinons 
and the ratio of reactants chosen so as to 
provide a produa having residual hydrox^a 

5 sroups. The number of hydxoxyls present in 
product can be varied, but it is preferred 
that its hydroxyl value be at least 30 and pre- 
ferably more than 80. 
When polyether polyols are used as ttie 

10 pdvhydric material in this invention they are 
used with minor amounts of diols, sudi as 
1,4-butanediol and neopentjl glycol or poiy- 
Kter pdyols. There can also be mcluded 
monohydric alcohols; and polyfunctional ccm- 

15 pounds containing one or more hydrosyls, 
such as ethanolamine and compounds compris- 
ing odier active hydrogen-containing groups, 
such as water and polyfunctional ammes; ex- 
amples include isophorone diamme, p- 

20 menthane diamine, propylene diamme, hesa- 
methvlene diamine* diethylene triamme, tri- 
ethylene tetramine and diethanolamine. 

The organic polyisocyanate which is reacted 
with the potyhvdric material as described is 

25 essentially any polyisocyanate, eg., hydro- 
carbon polyisocj'anates or substituted hydro- 
carbon diisocyanates. Many such orgamc poly- 
isocj'anates are known in the art, including p- 
phenylene diisocyanate, biphenyl diisocyanates, 

30 toluene diisocyanates, 33'-dimethyI-4,4 -bi- 
rfienylene diisoq^anate, 1,4-tetcamethyIcne 
diisocvanater hesamethylene diisocyanate, 
2,2,4 - trimediyl - 1,6 - hesylcne diisocj^ate, 
methylene bis^henyl isocyanate), lysine 

35 methyl ester diisocyanate, bis{isocyanatoethyl) 
fumarate, isophorone diisocyanate and methyl 
cyclohexvl diisocyanates. There can also be 
employed isocyanato-terminated adducts of 
diols, such as ethylene glycol, l>4-butylene 

40 glycol and poIyaik5lene glycols. These are 
fOTmed by reacting more liian one mole of a 
diisocyanate, such as those mentioned, with 
one mole of a diol to form a longer cham 
diisocyanate. Alternatively, the diol can be 

45 added along with the diisocj^anate. 

While diisocyanates are preferred, higlier 
polyisocyanates can be utilized as part of the 
organic polyisocyanate. Examples are 1A4- 
benzene triisocyanate and polymethylene poly- 

50 phenyl isocyanate. ^ 

It is preferred to employ an aliphatic diiso- 
cyanate, since it has been found that these 
provide better color stability in the finished 
osating. Examples include bis(isocyanatocyclo- 

55 hexyi;^ediane, 1,4-butylene diisocyanate and 
methylqrclohexyi diisocyanates. The propor- 
tions of the diisocyanate and the polyether 
polyol are chosen so as to provide a hydrox>'l- 
containing product. This can be accomplished 

60 by utilizing a less than stoichiometric 
amount of polyisocyanate, i.e., less tlian one 
isocyanate group per hydroxyl and carboxyl 
group in the polyether. Higher (e.g., stoichio- 
metric or excess) isocyanate levels can be 

65 present if the reaction is terminated at the 



desired stage, as by addition of a compound 
whidi reacts wth the residual isocyanate 
groups; water, alcohols and amines arc ex- 
amples of such compounds. 

In one especially desirable cmbodmient of 70 
the invention, a pol}^unctional alcohol is used 
to terminate the reacuon at the desired state 
rdetermined by the viscosity), diereby also 
contributii^ residual hydroxyl groups. Far- 
ucularly desirable for such purposes are /5 
aminoalcohols, such as ethanolamine and di- 
ethanolamine, since the amino groups pre- 
ferentially react with the isocyanate groups 
present. Polyols, such as ethylene glycol, tri- 
methyWpropane and hydroxyl-termmated w 
polyesters or polyediers, can also be employed 
in this manner. 

While the ratios of the components of the 
polyester polyol or the polyether polyol, poly- 
isocyanate, and anv terminatmg or blocking » 
a^ent can be varied, it wiU be noted by those 
skilled in the art that the amounts should be 
chosen so as to avoid gelation and to produce 
an ungelled, urethane reaction product con- 
taining hydroxyl groups. The hydroxyl value 90 
of the urethane reaaion product should be at 
least 10 and preferably 20 to 200. 

The urethane reaction product as described 
above is mixed with an aminoplast resin to 
provide the coating composition. Aminoplast 95 
resins are aldehyde condensation products of 
melamine, urea, and similar compounds; pro- 
ducts obtained from the reaction of formalde- 
hyde with melamine, urea or benzoguanamine 
are most common and are preferred herein. 100 
However, condensation products of other 
amines and amides can also be tmployed, for 
example, aldehyde condensates of iriazines, 
diazmes, triazoles, guanidines, guanamines and 
alkyl and aryl substimted derivatives of such 105 
compounds, including alkyl and ar>'l sub- 
sntuted ureas and alkyl and aryl substituted 
melamines. Some examples of such compounds 
are N,N-dimcthylurea, benzourea, dicyandi- 
amide, formoguanamine, acetoguanamine, 110 
ammeline, 2 - chloro - 4,6 - diamino - 1,3,5 - 
triazinc, 6 - methyl - 2,4 - diamino - 1,355 - 
triazine, 3,5-diaminotriazole, triaminopyrimi- 
dinc, 2 - mercapto - 4,6 - dlaminopyrimidine 
and 2,4,6-triethyI triamino-l,3,5-triazine. 115 

While the aldehyde employed is most often 
formaldehyde, other similar condensation pro- 
ducts can be made from other aldehydes, such 
as acetaidehyde, crotonaldehyde, acrolein, 
benzaldehvde, furfural, and others. 120 

The ainine-aldehyde condensation products 
contain methylol or similar alkylol groups, and 
in most instances at least a portion of these 
alkylol groups are etherified by a reaction with 
an alcohol to provide organic solvent-soluble 125 
resins. Any monohydric alcohol can be em- 
ployed for this purpose, including such 
alcohols as medianol, cthanol, propanol, 
butanol, pentanol, hexanol, and heptanol, as 
well as benzyl alcohol and other aromatic 130 
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alcoholsj cycloaiipbauc alcohols snch as cyclo- 
hesanol, monoethers of glycols such as Cello- 
solves and Caibitols (CELLOSOLVE and 
CARBITOL ai'c Trade "Marks), and liaiogen- 

5 substituted or other substirated alcohols, such 
as 3-chloroprcpano], The preferred amine- 
aldehydc resins ate etherined v/ith methanol 
or butanol. In some instances, the alkyol 
groups of tlie condensation product are re- 

10 acted to form acyl groups, as by reaction 
with acetic anhytkide, or are reacted with 
amines sudi as morpholine. 

For opdmum properties, it is prefened that 
the composition contain a polymeric polyol 

15 having a low glass transition temperature, i.e., 
having a glass transition temperature below 
25^C, The inclusion of such a polymeric 
polyol gives a balance of Besibiiily and hard- 
ness. In many cases ihe polyether polyol util- 

20 ized in the formation of the urethane product 
has ^e desired glass transition temperature. 
When it is desired to add a component of this 
typ^ there can be used in addition to or in lieu 
of the poiyether polyols described above, any 

25 of the many polyester polyols having the 
desired glass transition temperature, especially 
diose produced from acyclic reactants such as 
adipic acid and aselaic acid and alkylene gly- 
cols; poly (neopentyl adipate) is a useful 

30 example. Still other polymeric polyols of suit- 
able properdes include condensates of lactones 
with polyols, such as the product from capro- 
lactone and ethylene glycol; propylene glycol 
or trimeihylolpropane. 

35 Where the polyether polyol udlized in pre- 
paring the urediane reaction product is of 
low glass transition temperature, it is often 
found that the coating does not have suitable 
hardness. It is therefore desirable in many 

40 cases to employ the "soft" polyeAer polyol 
in conjunction with a minor proportion of a 
polyester polyol, or the constituents thereof, 
havhig a hi^er glass transition temperature. 
One mcdiod is to indude polymer moieties 

45 in the polyether molecule; anoilier way is to 
produce an isocyanato-terminated addnct or 
pr^polymer from the polyester polyol and the 
polyisocyanate and then reacc the prepolymer 
with the polyether polyol; a third method is 

50 to blend the polj^ester polyol as such with 
the polyether polyol before or after the poly- 
eiiter is reacted with the polyisocyanate^ Low 
molecular weight diols or diamines can also 
be employed in conjunction with the polyether 

55 polyoL The choice of method depends upon 
the particular components used and tlie pro- 
perties desired, but in each instance the pro- 
duct obtained contains both ''hard" and "soft*' 
segments in a type of block copolymer. 

60 The properties of the above components can 
be varied to provide certain properties. For 
example* higher levels of polyether polyol in 
the urethane reaction product result in some- 
what softer and more extensible coatings, 

65 whereas harder, more resistant coatinp are 



obtained by increasing the proportion of 
aminoplast resin. The amounts onployed de- 
pend in large part upon tiie nature of the 
particular ceonponents, eg., the specific poly- 
ether polyol, aminoplast resm, as well as the 70 
type of polyester polyol, if any, employed. In 
most cases the overall composition contains 
from 50 to 95 percent by the weight of 
urethane reaction product, and from 5 to 50 
percent of aminoplast resin. 75 

The compositions herein can be applied by 
any conventional method, includin- brush- 
ing, dipping and fiov/ coatiz^ but they are 
most often applied by spraying. Usual spray 
techniques and equipment are utilized. They 80 
can be applied over virtually any substrate, 
indtiding wood, metals, glass, cloth, plastics 
and foams, as well as over various primers. 

The coatings are cured at elevated tempera- 
tinres. In most cases the cure sdiedule is 85 
from 20 to 40 minutes at 140^F. to 260^F. 
Higher or lower temperatm-es with corre- 
spcHidingly shorter and lower times can be 
utilized, although the exact cure schedule best 
employed depends m part upon the nature of 90 
the substrate as well as the particular com- 
ponents of the composition. Acid catalysts and 
other curing catalysts can be added to aid in 
curing if desired; these can permit the use 
of lower temperatures and/or shorter times. 95 

The invention will be further described in 
connection with several eicamples which follow. 
These examples are given as iUustrauve of 
the invention and are not to be construed as 
limiting it to their details. All parts and per- 100 
centages in the examples and throughout the 
specification are by weight unless otiierwise 
indicated. 

Example 1 

The following were chafed to a reaction 105 
vessel: 



Neopentyl glyo)! 
Trimethylolpropane 
Adipic add 
IsophthaUc acid 



Parts by 
Weight 
126.9 110 
22.1 
72.3 
123.2 



This mixture was heated to 200°C. for 30 
minutes and then at 220^C. until the resin 115 
had a Gardner-Hoidt viscosity of F (60 per- 
cent solids in methyl ethyl ketone), and acid 
value of about 10 and a hydroxyl value of 
about 100. This polyester polyol was then 
mixed with the following: 120 



Polyester 

Methyl ethyl ketone 
Methane-bis(cyqrlohexyl iso- 

cyanate)* 
* Mobay D-244 



Parts by 
Wd^t 

70 

35 

7.13 



125 



10 



15 



20 



25 



30 



35 



40 



This mixture was heated at 150^F. for 20 
hours and then cooled to IZQ^R for 3 more 
hours. There were then added 22 ^ 
n-butanol and 0.3 cart of ethanolamine. The 
product lias a Gardner-Holdt viscosity of 

Zl 22y a non-vol3tiie solids content of about 

60 percent and an acid value of 3-7. 

A gray coating composition was formulated 
using'^the urethane reaction product thus pro- 
duced by blending the following: 

Parts by 
Weight 
196.5 



Ureiliane reaction product 
Hexakis (niethoxTmethyl}mela- 

mine ("Cjmer 3C1") 
Poly(osytetramethylcse) glycol 
CAB solution* 
Pigment paste 
Toluene 

Cellosolve acetate 
Etibyl Cellosolve 
Diacetone alcohol 
p-Toluene sulfonic acid 
* 20 percent solution in -\ second cellulose 
acetate but\Tatc in 80/20 toluene/ethanol. 



1S.7 
15.8 
7.5 
67.5 
217.5 
49.5 
99 
74.5 
1.5 



The pigment paste employed was ground in 
a solution of a pofyester made from 146 parts 
of neopentvi glyojl, 112 parts of adipic acid, 
191 parts of iscphthalic acid and 103 parts of 
trimethylolpropane; the paste was produced 
by mixing the following: 

Parts by 
Weight 



Polymer (60 percent solids in 

xylene) 
TiO.. 

Molacco black 
Xylene 

Methyl isobutyl ketone 
Butacol 



89 
260 
13 
28 
43.5 
10.5 



This mixture was ground in a ball mill imdl 
the particles had a fineness of 6 — 1/2 Hegman 
and then 50 parts of toluene were added. 
The coating composition thus obtained had 

45 good storage stability and excellent properues. 
For ej:ample, when baked at 250°F. for 60 
minutes it provided a fihn having outstanding 
extensibiUty rmaximmn elongation 181 per- 
cent) and tensile strength (2.09x10^ g/cm^ 

50 measured on Insuon Tester— INSTRON is a 
Trade Mark). When coated on poly- 
urethane foam of the type emplo^^ed for auto- 
mobile bumpers (having a density of 40 
pounds per cubic foot and a Shore "A" hard- 

55 ness of 78), it had desirable properties, in- 
cluding impact resistance in excess of 160 
inch/lbs (measured on a Gardner Variable 
Impact Tester). This composidon is suitable 
as a prmier over such foams and similar 

60 materials. 



Example 2 
A white coating composition was produced 
using the urethane reaction produa described 
in Example 1 and a pigment paste made in a 
manner similar to that described m Example 
1 but without carbon black; the pigment con- 
tained 61.5 percent TiO. and 12 percent of 
polyester along with suitable solvents. The 
coating composition had the following con- 
stituents: 



Parts by 
Weight 
74 

10 

40 

6 
5 

0.5 
100 
50 



Urethane reaction product 
Hexakis(methoxymethyl)meIa- 

mine ("Cymel 301") 
Pigment paste 

Poly(oxytetramethylene glycol) 

(mol. wL 1000) 
CAB solution (as in Example 1) 
p-Toluene sulfonic acid 
Methyl ethyl ketone 
Cellosolve acetate 

Films of this composidon (baked 60 minutes 
at 250'^F.) had a maximum elongation of 177 
percent and tensile strength of 1.55x10" 
g/an-. When coated over the primed foam 
produced in Example 1, it provided a coated 
product of outstanding properties including 
good impact resistance. 

Example 3 
A coating composition was produced as in 
Example 1 except that the aminoplast resin 
utilized was a more resinous, less highly 
methylated melaminc-formaldehyde resin 
known as "QR-483". The product had pro- 
perties substantially similar to that from 
Example 1. 

Example 4 
Following the procedure of Example 1, a 
coating composition w-as produced using the 
urethane reaction product and pigment paste 
described dierein, hut with a butylated mela- 
mine-formaldehyde resin made using 5.5 
moles of formaldehyde and 6 moles of butanol 
per mole of meiamine; the resin was a 60 per- 
cent solids solution in 25/75 butanol/xyiene. 
The coating composition contained the 
following: 

Parts by 
Weight 

Urediane reaction product 110 
Butylated melamme resin 42 
Poty(oxytetramethyIene)glycol 

(mol. wt. 1000) 10.5 
Pigment paste 45 
CAB solution (as in Example 1) 5 
Xylene 130 
Cellosolve acetate 40 
Ethyl CeUosolve 80 
Diacetone alcohol 50 
p-Toluene sulfonic acid 2 



65 



70 



75 



SO 



85 



90 



95 



100 



105 



110 



115 



120 



7 



1,280,404 



7 



This compo^doc produced extensible films of 
somevirbat lower maximiom eloi^ation liian 
diose above but vrixh good tensHe strength 
(2,65 XlCH g/cm-). When coated over foam as 
in Example 1, the coating had good impact 
resistance and o^er properties. 



Example 5 
A polyester containing poly(oxytetramethy- 
lene)^ycol in the polyester molecule was pro- 
10 duced from the following: 



Neopsn^l glycol 
Adipic add 
15 Isophtfaalic add 
Trlmethylolpropane 
Poly(oxytetramethylene glycol) 
(moL wt. 1000) 



25 



30 



35 



40 



45 



50 



Parts by 
Wd^t 
4875 
3014 
5132 
921 

3750 



The polyester produced had an add value of 
20 5.9 and a hydroxyl vahie of 59. It was re- 
acted with the fcdiowing: 



Polyester 

Methyl isobutyl ketone 
Methane-bis(cydohe3Eyl iso- 
cyanate) 



Parts by 
Wdght 
1800 
1080 

168 



This mixture was heated at 150®F. for 6-1/2 
hours; to 2605 parts of the product there were 
added 3.9 parts of ethanolamine and 520 parts 
of butanol. The product had a Gardner- 
Holdc viscosi^ of Z3 and contained 51.2 per- 
cent non-volatile solids. This urethane reac- 
tion product was formulated into a coating 
composition as follows: 



Urethane reaction product 
Hexakis(methoxymethyl)me]a- 

mine ("Cymd 301") 
Pigment paste (as in Example 2> 
CAB solution (as in Example 1) 
Cellosolve acetate 
Methyl etiiyl ketone 
Toluene 

p-ToIuene sulfonic add 



Parts by 
Wdght 
76 

7,5 
37 

5 
60 
30 
80 

0.75 



Films of this composition, baked 30 minutes 
at 250° F. had excellent extensibility (187 per- 
cent maximum dongation) and tensile strength 
(1.86X 10= g/cmr). When employed as a top- 
coat (as in Example 2) coatings of good over- 
all properties were obtained. 



55 vessel 



Example 6 
The following are mixed 



Poly(oxytetramethylene)glycol 

(mol. wr. lOOO) 
Polyester polyol* 
1,4-Butanediol 
1,6-HexanedioI 
Dimethylfoimamide 
* From neopentyl glycol-adipic 
value 83; hydro^I value 35 



Parts by 
Wdglit 

1000 
574' 
82.3 
128.7 
892.5 
acid, add 



The mixture is then employed in the follow- 
ing: 



Parts by 
Weight 
1220 

472 
325 
860 
8.1 

14.4 



Mixture above 
Me^ne-bis(cydohexyl iso- 

cyanate) 
Cyclohexanone 
Dimethylformamide 
Diethylenetriamine 
Dibutyl tin diacetate solution 

(1 percent in cydohexanone) 

This mixture is heated at 250'^R for 2-1/2 
hours; to 2717 parts of the resin produced 
there are added 272 parts of butanol and 10.7 
parts of diethanolamine. The product has a 
non-volatile solids content of 40.5 percent and 
an acid value ctf 0.63. 

The urethane reaction produa obtained is 
formulated into coating composition as shown: 



Urethane reaction product 
Pigment paste 

Methylated melamine-formalde- 

hyde resin ("QR-483") 
Silica pigment C*Arc Silica") 
Methyl ethyl ketone 
Toluene 

p-Toluene sulfonic add 

The pigment paste employed is ground in a 
solution of a polyester made from 146 parts 
of neopentyl j^ycol, 112 parts of adipic acfd, 
191 parts of isophthalic acid and 103 parts of 
trimethylolpropanej the paste is produced by 
mixing the following: 



Parts by 
Weight 
632 
227 

134 
8 

1110 
123 
4 



60 



65 



Polyester (60 percent solids 

in xylene) 
TiOo 
Xylene 

Methyl isobutyl ketone 
Butanol 



Parts by 
Wdght 

89 
260 
28 
43.5 
10.5 



in a reaction 



This mixtiue is ground in a ball mill tmtil 
the partides have a fineness of 6-1/2 Hegman 
and then 50 pans of toluene are added. 
The coating composition tiius obtained has 



70 



75 



80 



85 



90 



95 



100 



105 



110 



8 



gccd storage stability aad excellent properiks; 
when applied orcr pofy (vinyl chloride) foam 
and baked at 250^R for 30 minutes ir pro- 
vides a coating having good loiv temperature 
5 impact resistance (3 ft.-lbs. ats.— find 
ensile strengrfi (2.5X10* g/cm% measured 
on Instron Tester). 

Example 7 
Example 6 is repeated except tliat the 
10 aminoplast resin employed is hesakis(meti!oxy- 
methyi)melamine ("Cymel SOO^;. Substan- 
tially similar properties are obtamed. 

Example 3 
Example 6 is repeated using as the amino- 
15 plast resin a butjiated melamine-formalde- 
hyde resin made using 55 moles of form- 
aldehyde and 6 moles of butanol per mole of 
melamine. Gc^jd results are obtained. 



EXA?J?LE 9 

20 Example 6 is repeated using a xirethane 
reaction product formed from the following: 

Parts by 
Weight 

Poly(osyte£ramethylaie)glycol 
25 (moL wt. 1000) 352 
1,4-Bmanediol 

1,6-Hexanediol 45 
Polyester polyoi (as in E^iample 1) 202 
Alethane-bfs (<^clohexyl isocyanate) 367 

30 Substantially equinioiar results to tho!:e of 
Example 6 are obtained. 

ExA:.iPLE 10 
A urethane reaction product^ employed in a 
manner similar to the above examples, is pro- 
35 duced as follows: 



PolyCoxytetrameihylene)gl5'coi 
(md. wt, 1000) 
40 1,4-Butanediol 
1,6-Hexanediol 
Trimethylolpropanc 
Methyl isobutyl ketone 



Parts by 
Weight 

500 
105 
150 
30 
1835 



The above mixture (1000 parts) is mixed with 
45 292 parts of mediane-dsrcyclohexyl isocyan- 
ate), 680 parts of methyl isobutyl ketone and 
2 parts of a 1 percent solutim of dibutyl tin 
diacetate in methyl isobutyl ketone, and 
heated at 230^C for 10 hours. There are 
50 then added 30 parts of butanol per hundred 
parts of resin. 

Example 11 
A uretliane reaction produa is produced in 
a manner similar to that described in Example 
55 10, from the following : 



Parts by 
Wei^t 
500 
10.5 



60 



Poly(oxytoiramethylene;glycol 
Isophorone diamine 

Diethacolamine ^ 
l34-Butanediol S5 
Toluene diisocyanatc* 300 
* 80 percent, 2,4-isomer, 20 percent 2,6- 

isomer 

Employed in the manner of the above ex- 65 
amples, coatings of suitable propenies are 
obtained. 

In a similar manner, coating compositions 
of desirable properties are produced using 
other polyether polyols of the class dssaibed 70 
mid o±er polyester polycls. as well as other 
polyisocyanates in place of the polycthers and 
polyisocyanates in the examples. Also, while 
die examples show the inclusion of certain 
diols, other poiyols can be used instead; such 75 
polyols include, for instance, monomeric diols 
and triols, 

WHAT WE CLALM IS: — 
L A one-package, storage- stable coatmg 
composition comprising ^O 

(A) an ungelled, hydro::yl-containing 
urethane reaction product of an organic 
poiyisocvanate and a polj'hydric material 
compnsing at least 50^*:, by weight of a 

component selected from 

(1) a polyester polyol formed from 

(a) an alcohol component having an 
average functionality of at least 1,9; 

(fa) an acid component comprising one 
or more monomeric carboxjlic acids 90 
or anhydrides having 2 to 14 carbon 
atoms per molecule, said acid com- 
ponent having an average function- 
ality of at least 1.9; 

said alcohol component and said acid 95 
component containmg a total of not 
more than one gram-mole of com- 
pounds having a functionality of 3 
or more per 500 grams of (a) plus 
(b); and 100 

(2) a polyhydric material comprising a 
major proportion of a polj'ether polyol 
having a hydroxy] equivalent of at least 
100 and being formed from a total of 

not more than one gram-mole of com- 105 
pounds having a functionality of 3 or 
more per 500 grams of polyether polyol 
and a minor proportion of a diol or a 
polyester polyol; and 

(B) an amino plast resin. 110 

2. A composition as claimed in claim 1 in 
which the acid component of the polyester 
polyol contains at least 75 mole percent of 
dicarboxylic acids or anhydrides. 

3. A composition as claimed in claim 1 or 115 
2 in which die polyester pol3rol has a hydroxv'I 
value of at least 30. 

4. A composition as claimed in claim 3 in 



9 



U80,404 



9 



whidi tbe polyester polyol has a hydrosyl 
value of more than 80. 

5. A composition as claimed in any preced- 
ing daim in which the |)olyester polyol is the 
reaction prodiwrt of adipic add and neopentyl 
glycol. 

6, A composition as claimed in claim 1 in 
whidi the polyether has the general formula 



H 0 




10 wherein R is a hydrogen or lower alky! hav- 
ing up to 6 caihon atoms, n is from 2 to 6 
and m is from 2 to 100. 

7. A composition as claimed in claim 6 in 
whkh the polyether glycol is a poly (oxytetra- 

15 methylene) glycol. 

8. A composition as daimed in claim 7 in 
whidi the poly (oxytetramediylene) glycol has 
a molecular weight between 400 and 10,000. 

9. A composition as daimed in claim 1 in 
20 whidi the polyether polyol is one formed by 

reacting a polyol with an alkylene oxide in 
the presence of an acidic or basic catalyst. 

10. A composition as clauned in any pre- 
ceding daim in whidi the polyether polyol 

25 has a hydroxyl equivalent not above 10,000. 

11. A composition as claimed in any pre- 
ceding daim in whidi the polyhydric material 
also comprises odier hydroxy 1-containing com- 
pounds and/or comf^ounds containing other 

30 active-bydrogen-comaining groups. 



12. A composition as daimed in any pre- 
ceding claim in whidi the polymeric polyol 
has a glass transition temperature below 25°C 

13. A composition as claimed in any preced- 
ing daim in which the polyisocyanate is a 35 
diisocyanate. 

14. A composition as clauned in claim 13 
in which die diisocyanate is an aliphatic diiso- 
cyanate. 

15. A composition as daimed in any preced- 40 
ing claim in which the hj^rosyl value of the 
urethane reaction poduct is at least 10. 

16. A composition as claimed in claim 15 
in which the hydroxyl value of die urethane 
reaction product is from 20 to 200. 45 

17. A composition as daimed in any pre- 
ceding daim in which the aminoplast resin is 
an aOqrlated condensation product of fonn- 
alddiyde and melamine;, urea or benzoguan- 
amine. 50 

18. A composition as daimed in any pre- 
ceding daim which contams from 50 to 95 
percent by weight of urethane reaction pro- 
duct and from 5 to 50 percent by weight of 
aminoplast resin. 55 

19. A composition as claimed in any preced- 
ing claim in which the a polymeric polyol is 
blended widi the urethane reaction product 
and aminoplast resin. 

20. A composition as daimed in claim 1 60 
substantially as hereinbefore described v?ith 
reference to any of the foregoing Examples. 
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